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Krueng Teungku watershedAbstract Flash-floods develop at space and time scales that conventional observation systems
were not able to monitor for rainfall, stream flow and sediment discharge. This condition resulted
in greater casualties and tremendous economic losses. One of the regions in Indonesia affected by
the flash floods was Aceh Besar Regency. It was located in Krueng Teungku watershed. The flash
floods were recurring events, which occurred in 1987 and 2000. The disaster reocurred on January 2,
2013 at 19:30 P.M. with the huge impact. This study aimed to analyze the factors affecting flash
flood hazards and to obtain flash flood hazard zones at the Krueng Teungku watershed. The
method used in this study was weighted overlay technique through Geographic Information System
(GIS). The result revealed the information about the flash flood hazard zones at Krueng Teungku
watershed as the model for the early warning. Through the development of this model, flood fore-
casting capabilities in the watershed without measuring devices can be improved. This paper pro-
vided the review of factors that affect the incidence of flash flooding, including the factors of
peak discharge, slope, watershed shape, stream gradient, damming, drainage density, erosion, slope
stability and reservoir volume. The information factors were expected as a contribution for research
agencies and government (Aceh Disaster Management Agency) to guide the disaster risk reduction
(DRR) activities of flash floods.
 2015NationalAuthority forRemote Sensing and Space Sciences. Production and hosting byElsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).1. Introduction
Indonesia, especially at most of the production sectors, has
suffered heavily from the impacts of climate change and cli-
mate variability. Aceh was particularly vulnerable to multiple
disaster-related shocks and climate change. This happened
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Figure 1 The Study area – Krueng Teungku drainage watershed.
144 Azmeri et al.due to its location, density of population, high levels of pov-
erty, high dependence on climate-sensitive resources, lack of
awareness climate risks, and unplanned urbanization coupled
with poor infrastructure (Islam et al., 2010). Most farmers,
fishermen, small-businesses holders and other communities liv-
ing in the low lying waterlogged areas were experiencing a wide
range of climate variability because the global warming andflood, especially flash floods, which were found to be more
pronounced in those areas (Mirza, 2002).
Flash flooding was caused by a set of preliminary and trig-
gering factors which determine their locations, frequency and
magnitude. Excessive rainfall with a high intensity was the
main source of flash flood in the hilly area, particularly resul-
tant landslide in the area composed of unconsolidated rocks
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Figure 2 Digital Elevation Model (DEM) of Krueng Teungku watershed.
Identification of flash flood hazard zones 145(Sarker and Rashid, 2013). Flash flooding was one of the most
common forms of natural disasters at the hilly region of Seu-
lawah Mountains in Aceh Province, which occurred almost
every year. The hilly area specifically at Krueng Teungku
watershed almost annually suffered from the sudden inunda-
tion of water during the monsoon period due to the torrential
rain. The daily rainfall occurred in the headwaters of KruengTeungku watershed during the flash flood reach to 125 mm
height (Azmeri et al., 2015). This sudden inundation of water
also carried silt, rocks, sediments and other debris causing
damage to agricultural productions and causalities (Sarker
and Rashid, 2013). There has been a relatively limited research
on regional flash flood occurrence in a climatological sense.
Although the occurrence of flash flooding was often associated
Table 1 Parameters of flash flood hazard (1).
Specific peak
discharge
(m3/dt/km2)
Average slope
watershed (%)
Watershed shape River gradient (%) Branching river
damming
Storage volume (m3) Class
<0.58 <8 Elongated <0.5 No branching 0–49,018 Low
0.58–1.00 8–15 Elongated-Medium 0.5–1.0 Tributary of
main river branching
49,018–98,036 Low-Moderate
1.01–1.50 16–25 Medium 1.1–1.5 Main river branching 98,036–147,055 Moderate
1.51–5.00 26–45 Medium- Rounded 1.5–2.0 Main river/Bottle Neck 147,055–196,073 High-moderate
>5.00 >45 Rounded >2.0 Flood Tide 196,073–245,092 High
Source: Paimin et al. (2010) and analysis.
146 Azmeri et al.with ‘‘heavy precipitation,” it has been acknowledged that this
reason did not occurred alone. Hoyt and Langbein (1939)
noted meteorological, climatic and physiographic influence
on flood occurrence, including precipitation intensity, topogra-
phy and soil characteristics (Modrick and Georgakakos, 2015).
This research utilized a case study on the recurrent flash
floods at Krueng Teungku watershed in Aceh Besar Regency
of Aceh Province. The flash floods occurred repeatedly in the
period of 1987, 2000 and 2013. The flash flood reocurred on
January 2, 2013 at 19:30 P.M. The flood brought out soil
and rock materials with a surface runoff of 1–3 m height.
The flood that had occurred in the downstream of watershed
(Beureunut Village) came from the amount of water from Kru-
eng Teungku watershed. This disaster resulted in greater casu-
alties and tremendous economic losses. As recurring disasters,
this study aimed to identify flood hazard zones at Krueng
Teungku watershed. Through zone identification, this study
was expected to be used as disaster mitigation measures for
the recurring floods in that region.
Most of the hydrological studies focusing on flash floods
were based on morphometric parameters of the catchment area
(Gabr and El Bastawey, 2015). According to Sumi et al.Table 2 Parameters of flash flood hazard (2).
River density (km/km) Erosion hazard level Class
<0.25 <1.0 Low
0.25–10 1.1–4.0 Moderate
10–25 4.1–10.0 High-Moderate
>25 >10.01 High
Source: Rahayu et al. (2009).
Table 3 Parameters of flash flood hazard (3).
Slope stability (Safety
Factor)
Condition Class
F< 1.07 The likelihood of slope
failure
High
1.07 < F< 1.25 The slope failures occurred Moderate
F> 1.25 The slope failure rarely
happened
Low
Source: Bowles (1993:547).(2013), developing an advanced methodology for the develop-
ing flood management issues through setting-up the flash flood
potential hazard map was considered important.
Flash floods are one of the most destructive natural disas-
ters in the world. Globally, flash floods caused more than
5000 deaths annually with mortality rate (computed as the
number of fatalities divided by the number of affected per-
sons). Flash floods also describe deaths attributed which were
50% of the flood-related to damage to property, infrastruc-
ture, and industry. The deadly nature of flash floods was
caused by the incident that occurred in a short time associated
with the characteristics of a small watershed (e.g. the occur-
rence of rainfall with high intensity produces a very large
and fast discharge runoff from the mountains areas)
(Modrick and Georgakakos, 2015). The location, topography
and climate of the region lead to hydro meteorological hazards
including the frequency of flash floods. It was rather hard to
predict the occurrence of flash flood and very short duration
events causing trouble to take mitigation measures. It resulted
in an increase in the damage and loss.2. Study area
The study area was Krueng Teungku watershed in Aceh Besar
Regency. The area focused on the mountain-to-foothill water-
sheds draining to the coast of Indian Ocean. Geographically,
Krueng Teungku watershed is at 52604000–53802000 North Lat-
itude coordinates and 953203000-954005000 Longitude Cage
coordinate (Fig 1). This region was elected as the area of study
because of the influence of driving factors for the flash flood
occurrence that were: climatology, geomorphology, and
hydrology conditions.3. Materials and methods
3.1. Digital elevation model (DEM)
Digital elevation model (DEM) is the digital representation of
the earth surface terrain. It is an essential component in the
hydrological models. Modern techniques of remote sensing
provide tremendous potential for monitoring and managing
dynamic changes in large surface water bodies; extracting
hydrological parameters, and modeling the water balance
(Memon et al., 2015). Digital elevation model (DEM) is the
most important input of the hydrological modeling to get
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Figure 3 (a) Map of Krueng Teungku watershed specific peak discharge; (b) map of Krueng Teungku watershed slope. (c) Map of
Krueng Teungku watershed shape; (d) map of Krueng Teungku watershed gradient.
Identification of flash flood hazard zones 147Flood hazard maps. The precision of watershed calculation is
directly dependent on the scale and precision of topographic
maps (Elkhrachy, 2015). The DEM can significantly calculate
both topographic parameters such as slopes, slope length and
shape and aspects as well as hydrologic parameters such as
flow direction, flow accumulation, watershed delineation,stream networks, and flow length. Consequently, both flow
accumulation and flow length would be used to extract the sur-
face runoff (Islam et al., 2010). The DEM of Krueng Teungku
drainage watershed was generated from contour maps as
the digitized result from topographic maps 1:50.000 from
Coordination Agency National Survey and Mapping
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Figure 3 (continued)
148 Azmeri et al.(Fig. 2). The manufacture of DEM Krueng Teungku was used
to obtain the contour maps in raster format through Triangu-
lated Irregular Networks (TIN) process. The data DEM was
then used as input for the manufacturing process of watershed
and sub-catchment of Krueng Teungku. Slope was estimated
from the DEM using the embedded functions in ARCGIS.3.2. Synthetic hydrographs and runoff generation
The annual maximum daily rainfall data during the period of
1982–2011 was obtained from rain gauge stations at Blang
Bintang in Aceh Besar Regency. Statistical parameter of
average rainfall data ðxÞ was 111.490 mm with the standard
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Figure 3 (continued)
Identification of flash flood hazard zones 149deviation 37.559 mm. Based on Chi-Square test, the rainfall
distribution followed a normal distribution. The normal distri-
bution required that the variance located between ðx sÞ and
ðxþ sÞ was 68.27% and that between ðx 2sÞ and ðxþ 2sÞ
was 95.44% also met the requirement.The method used in calculating the flow rate was a
method of synthetic unit hydrograph SCS. This method
can estimate the flow rate to describe the characteristics com-
bination of the watershed. Due to the limitation of observed
discharge data at the field, it was expected that flood plan
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Figure 3 (continued)
150 Azmeri et al.was done using the unit hydrograph. The unit hydrograph
analysis required rainfall hyetograph planning on certain
rain durations as it only provides the daily rainfall data.
Then, rainfall hyetograph was formed using Alternate Block
Method (ABM). The rainfall in the upper watersheds during
floods was about 125 mm/day. Based on the analysis of rain-
fall plan with specific return period, the rainfall causing flashflooding was rainfall with a return period of 5 years in the
estimation of flood discharge that occurs. The rain causing
direct run off is called effective rainfall or excess rainfall
which means the rain is not intercepting or infiltrating into
the soil. Excess Rainfall Hyetograph (ERH) is a graph show-
ing the relationship between effective rainfall and time. Infil-
tration model with SCS Curve Number (CN) estimates
Table 4 Classes of flash flood hazard at Krueng Teungku watershed (1).
Sub
catchments
Specific peak
discharge
(m3/dt/km2)
Class Average
slope
watershed (%)
Class Watershed shape Class Gradient
of the river
Class
1 6.176 High 6.1588 Low Elongated Low 0.1 Low
2 9.866 High 6.5002 Low Elongated Low 0.91 Low-Moderate
3 7.417 High 13.4807 Low-Moderate Elongated-Medium Low-Moderate 1.586 High-Moderate
4 12.398 High 8.9895 Low-Moderate Rounded High 2.611 High
5 15.363 High 7.4293 Low Medium Moderate 2.298 High
6 22.047 High 14.4701 Low-Moderate Medium-Rounded High-Moderate 4.473 High
7 25.526 High 25.179 High-Moderate Rounded High 8.801 High
Table 5 Classes of flash flood hazard at Krueng Teungku watershed (2).
Sub
catchments
Branching river
damming
Class River density Class Erosion
hazard Level
Class Slope
stability (F)
Class
1 No branching Low 1.69 Moderate 6.02 High-Moderate 1.035 High
2 Main river branching Moderate 1.05 Moderate 10.16 High 1.035 High
3 Main river High-Moderate 0.75 Moderate 8.06 High-Moderate 1.035 High
4 Main river branching Moderate 0.35 Moderate 23.74 High 1.023 High
5 Main river branching Moderate 0.52 Moderate 9.94 High-Moderate 1.108 Moderate
6 Tributary of main
river branching
Low-Moderate 0.72 Moderate 3.86 Moderate 1.108 Moderate
7 Tributary of main
river branching
Low-Moderate 0.50 Moderate 3.83 Moderate 1.108 Moderate
Table 6 Classes of flash flood hazard at Krueng Teungku
watershed (3).
Sub catchments Storage volume Class
1 0.00 Low
2 168.500 High-Moderate
3 13.110 Low
4 110.291 Moderate
5 245.092 High
6 20.122 Low
7 23.081 Low
Identification of flash flood hazard zones 151rainfall in particular as a function of its cumulative rainfall,
land use and soil type (Chow et al., 1988).
Qn ¼
Xn6M
m¼1
PmUnmþ1 ð1Þ
where Qn is direct run off of water discharge on a pulse to n; Pm
is effective rainfall in pulses to m; U is ordinate hydrograph
unit.
3.3. Erosion
USLE (Universal Soil Loss Equation) method was developed
by Wischmeier and Smith (1978) where the USLE method
was used to estimate the annual average erosion by using
kinetic energy of the rainfall approach. Azmeri et al. (2015)
stated that the large erosion can be calculated using USLE
method as followed:
A ¼ R:K:LS:C:P ð2Þ
where A is the amount of soil loss per unit area (ton/ha/year);
R is rainfall erosivity factor; K is soils erodibility index; LS is
slope length factor; C is crop management factor; and P is soil
conservation factor.
Wischmeier and Smith (1958) found that the product of the
kinetic energy of the raindrop and the maximum intensity of
rainfall over the duration of 30 min, in a storm, was the best
estimator of soil loss. Rainfall factor (R) is also expressed as:
R ¼ REiI30 ð3Þ
where Ei is rainfall kinetic energy (J/m
2); I30 is rainfall intensity
(mm/h).
According to Das (2002) the rain fall kinetic energy (Ei) can
be calculated using this equation:Ei ¼ ð200þ 87log10IiÞPi ð4Þ
where Ii is average rainfall intensity (cm/h); Pi is rainfall depth
(cm).
3.4. Slope stability
According to Bowles (1993) on a non-horizontal ground sur-
face, component of gravity is likely to move down to the
ground. If the gravity component is so great that resistance
to fricative which could be deployed by ground in the field
of avalanche is exceeded, there will be a sliding slope. Krueng
Teungku watershed is largely consisted of steep slopes, so it is
important to analyze the slope stability. Parameters resulted in
slope stability analysis is a form of plane failure and the safety
factor. Safety factor with the Bishop method used the follow-
ing equation
F ¼ RM
DM
¼
Pn
i¼1½c0bþ ðN ubÞ tanu0Pn
i¼1 W sin aþ kWðcos a hcRÞ
 þ A a
R
ð5Þ
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Figure 4 (a) Damming map of Krueng Teungku watershed; (b) river density map of Krueng Teungku watershed. (c) Erosion hazard
level map of Krueng Teungku watershed; (d) slope stability of the riverbank map of Krueng Teungku watershed.
152 Azmeri et al.where F is safety factor; RM is resistance moment (kN/m2);
DM is tension moment (kN/m2); c0 is soil effective cohesion
(kN/m2); b is width of slice to-i (kN); N is normal force at slice
(kN); u is pores water pressure (kN/m2); /0 is angle of effective
stress friction (o); W is weight of slice (kN); a is angle of incli-
nation of the tangent that surface to the middle of wedge sideto the horizontal line (o); kW is horizontal seismic force (kN);
hc is the altitude of the centroid of the slice from midpoint of
the base of the slice (m); R is the radius of the circular arc (m);
A is hydrostatic force (kN); a is the vertical distance from the
hydrostatic force against the central moments (m); n is the
amount of slices.
Figure 4 (continued)
Identification of flash flood hazard zones 1533.5. Parameters of flash flood hazard
Map making of flood disaster required parameter analysis of
the flood hazards. Among the causes were specific peak dis-
charge, average slope watershed, watershed shape, review gra-
dient, branching river damming, storage volume, river density,
erosion hazard level, and slope stability. Each of these param-eters formed a different class. Tables 1–3 give the parameters
of flash flood hazard as follows.
4. Results and discussion
This model has subjectively subdivided the whole drainage
watershed into various sub-catchments that were linked
Figure 4 (continued)
154 Azmeri et al.together at a number of outlets that were located along the
main channel (Fig. 3). The flash flood zoning model has
defined seven main outlets along the main channel of Krueng
Teungku drainage watershed. Each outlet receives surface run-
off water from a number of sub-catchments. Accordingly, the
whole fluvial system of Krueng Teungku was classified into
seven major accumulative hydrologic zones. These zones varyin sizes and morphologic characteristics, which in due course
vary in the quantity of runoff they deliver and the depth of
runoff in the main channel. Besides run off, all factors that
affect the occurrence of flash floods were also analyzed from
the seven zones.
Flash flooding at Krueng Teungku watershed was influ-
enced by several factors, namely: peak discharge, slope, size
Figure 4 (continued)
Identification of flash flood hazard zones 155and shape of watershed, gradient of the river, damming, den-
sity of the river, erosion, slope stability and the storage vol-
ume. Tables 4–6 give the classes of flash flood hazard at
Krueng Teungku watershed.
As the sample, it was given the estimation of specific peak
discharge for sub-catchments 7 (upstream). Discharge ofSynthetic Unit Hydrograph (SUH) SCS was obtained in
between 0 and 52.847 m3/s, from the comparison of discharge
q with a peak discharge qp and time t with peak time Tp.
Excess Rainfall Hyetograph (ERH) was obtained from cumu-
lative of rainfall and abstraction with the value between 0 and
8.382 mm. Use equation (1) and base flow of Krueng Tengku
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Figure 5 Storage volume map of Krueng Teungku watershed.
156 Azmeri et al.river basin of 0.90 m3/s to obtain flood peak discharge with the
value of 452.179 m3/s. Area of sub-watershed 7 by the value of
17.742 km2 was generating the specific peak discharge of
25.633 m3/s/km2. This peak discharge value was at the level
of high-class flash flood threat. The specific peak dischargerfor all sub-watershed was in the range of 6.176–25.633 m3/s/
km2, which led each sub-catchment was at the high-class level
of flash flood threat.
Specific peak discharge at each of sub-catchments was at
high level of flash flooding hazard. The peak discharge was
Table 7 The values of parameters that determine the value of Safety factor (F) at soil sample A.
c0 B N u /0 W a kW hc R A A
(kN/m2) (kN) (kN) (kN/m2) () (kN) () (kN) (m) (M) (kN) (M)
1.49 0.479 0.004 0 26.83 1.48 30 0 0.23 4.76 0 4.54
Identification of flash flood hazard zones 157also affected by the time of concentration (tc) at very fast each
of sub-catchments resulting in a rapid accumulation of runoff
water at each outlet of sub-catchments.
This was due to the length and slope of the flow at each
Krueng Teungku sub-catchment which was very high
(Fig 3a). Moreover, the mining activities require the establish-
ment of local community needs including housing, domestic
water pipelines, roads and other facilities. Therefore, it is
essential to identify the environmental threats and quantify
the surface runoff on the purpose of safety activities. Climatic
conditions in the upstream Krueng Teungku watershed trigger
rainfall intensity, and therefore also affect the flash flood haz-
ard. This condition requires identification of existing infras-
tructure as appropriate mitigation measures (Montz and
Gruntfest, 2002). The result of the peak discharge parameters
was appropriate with the study result which was conducted by
Firmansyah and Kadarsetia (2010) that show peak discharge
affects the flash flooding hazard at Jember regency, East Java
where rainfall at some rain stations at Dinoyo watershed
included in the high rainfall. A sharp increase in river dis-
charge in a short of time due to the high rainfall can potentially
cause flash floods.
Slope of each sub-catchments were obtained from water-
shed delineation (Fig 2). According to the slope, the level of
flash flood hazard in Krueng Teungku divided into three
classes namely low, low-moderate and high-moderate classes.
On the downstream and middle (sub-catchments 1, 2 and 5)
were flat lands with a slope of <8% and in the category of
low-moderate class. In the central area (sub-catchments 3, 4
and 6) were wavy and undulating lands with slope of 8–15%
so it was included in the category of low-moderate class. The
headwaters (sub-catchment 7) mountainous areas with slopes
of between 16% and 25% thus it included in the category of
high-moderate class. Viewed from the slope side, flash flood
potentially happened at sub-catchment 7 (Fig 3b). The steep
slope watershed accelerates the accumulation of flow rate. Fur-
thermore, steep and hilly area has the potential in moving the
ground and clogging up the river which results in flash floods.
The result of this study was confirmed by the result of the
research conducted by Firmansyah and Kadarsetia (2010)Table 8 Flash flood hazard weight at Krueng Teungku watershed.
No. Parameters Parameters weight (%) Ind
1 Characteristics of the river 33.33 Riv
Riv
2 The accumulation of river water 33.33 Spe
Sto
Bra
Wa
3 Erosion 33.33 Ave
Ero
Slo
Totwhich showed that the worst affected areas due to flash floods
in Jember regency East Java was caused by the presence of
undulating areas with slope of 15–20%. Krueng Teungku
watersheds shape were varied including oval, slightly oval,
round, moderate, somewhat round and round, so in general
was dominated by oval and round shapes. According to the
shape of watershed, sub-catchments of 4 and 7 were at the high
level of flash flood threat with a round shape of watershed
(Fig 3c). Round shape may increase the flow rate because
the rain fall distance at the observation point to the watershed
outlet was shorter. The time required by the rain water to the
outlet was also shorter, so it increases the time for peak dis-
charge and flow accumulation thus has the potential for flash
floods.
Gradient of Krueng Teungku for each sub-catchments were
obtained from the result of watershed delineation. According
to the gradient of the river, the levels of flash flood hazard were
divided into four classes, namely low, low-moderate and high-
moderate and high classes (Fig 3d). On the downstream and
middle (sub-catchments 4, 5, 6 and 7) Krueng Teungku river
has gradient of river about >2% included into steep gradients
and high-class categories.
In the area slightly to the downstream (sub-catchment 3)
has gradient of river between 1.5% and 2% and it includes
the category of high-moderate class. Regions slightly down-
stream (sub-catchment 2) have a gradient of river between
0.5% and 1% and it includes the category of low-moderate
class. The downstream area (sub-catchment 1) has a gradient
of river about <0.5% and it includes the category of low class.
Based on general gradient of river category, Krueng Teungku
watershed has a high level of flash flood hazard with extensive
sub-catchment about 79.967 km2 (74.32 %). The steep slope of
the river can accelerate the rate of water flow to the down-
stream and potentially cause flash floods.
Based on the potential for damming, sub-catchment 1
which was in the downstream (estuary) does not occur as nat-
ural damming so that there was no threat to flash floods. The
natural damming at sub-catchments 2, 4 and 5 occurred at the
branch of the main river. The natural damming at sub-
catchment 3 can happen at the main river. At sub-catchmentsicators Indicators weight (%) Total weight (%)
er gradient 70 23.33
er density 30 10.00
cific peak discharge 30 10.00
rage volume 30 10.00
nching river damming 20 6.67
tershed shape 20 6.67
rage slope watershed 40 13.33
sion hazard level 30 10.00
pe stability 30 10.00
al 100.00
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Figure 6 Flash flood hazard level map of Krueng Teungku watershed.
158 Azmeri et al.6 and 7, natural damming can happen at the branch of the
main river (Fig 4a). The area of 5,687.28 ha (52.86%) allows
the natural damming at the river branching.
Teungku Krueng river system consists of the main river and
tributaries that drain water from downstream to upstream,
and it is included in the third-order. The more the order of
the river illustrates the more the branching of tributaries.The river density at Krueng Teungku watershed was varied,
from 0.35 to 1.69. River density value is included in the med-
ium density class. The river density makes the river flow over
the rocks with softer resistance and accumulates transport
(Fig 4b).
As a sample count of erosion rate value at sub-catchments
7, according to rainfall intensity I30 was about 5.51 mm/h and
Identification of flash flood hazard zones 159the kinetic energy of the rain fall Ei was around 438.47 J/m
2
from the maximum rainfall depth Pi occurred from durations
of 5–100 min, resulted in the rainfall erosivity factor R was
1100.51 (Eqs. (3) and (4)). The soils erodibility index K for this
kind of alluvial soil was 0.47, with a length of slopes L was
2,978.065 m and slope S was 6.159% which produced slope
length factor LS was 0.79. Land use in the form of dry land
agriculture providing crop management factor C was 0.001,
and land without processing giving soil conservation factor P
was 1. Based on the five parameters of erosion (Eq. (2)) the
obtained the erosion rate was 162.58 ton/ha/year. Erosion
Hazard Level (EHL) of Krueng Teungku sub-catchment was
obtained by comparing the value of erosion rate that occurs
with tolerable erosion (27 ton/ha/year) (Azmeri et al., 2015).
Erosion Hazard Level at sub-catchments 1 was about 6.02
including high-moderate level of classes.
The flood hazard level was analyzed based on erosion rate
using Universal Soil Loss Equation (USLE) and Geographic
Information System (GIS). High-level of flash flood hazard
were at the area of sub-catchments 2 and 4. This can be caused
by a steep slope, the type of soil susceptible to erosion, land-
use of the area was dominated by dry farming land which were
susceptible to erosion as well (Fig 4c).
Sliding slope of the riverbank was obtained by collecting
three samples of undisturbed soil at 3.1 m height of the riv-
erbed for each with a distance of 3.7 for samples A soil, a
height of 3.5 m and a distance of 2 m for sample B soil, and
a height of 3.5 m and a distance of 1.2 m for sample C soil. Soil
samples were tested in Soil Mechanics Laboratory at Faculty
of Engineering, Syiah Kuala University, Indonesia on the
purpose of obtaining soil density parameters, friction angle
and cohesion. The slope angle for the three soil samples was
about <54, then the whole landslide occurred on base circle
slope. Table 7 shows the parameter value that determined
the value of Safety factor (F) as in Eq. (5) on the slice 1 for soil
sample A.
By using Bishop, the values of these parameters were iter-
ated between the resistance moment and the tension moment
in order to obtain safety factor (F). Safety factor value 1.035
of SF (A), 1.023 of SF (B) and 1.108 of SF (C). The value of
SF for those three soil sample ranged from 0.6 up to 1.058
(Bowles, 1993) so Krueng Teungku riverbank has a great
potential of collapse occurrence (Fig 4d). The collapse river-
bank can close the river channel of Krueng Teungku which
potentially creates natural damming. High water discharge
may cause a collapse of the natural dam and cause flash floods.
The drainage network analysis is generally performed to
understand the prevailing geological variation, topographic
information and structural set of a basin and their interrela-
tionship. Remote sensing and GIS based drainage basin eval-
uation has been carried out by the number of researchers for
different terrains and it is proved to be a very scientific tool
for the generation of precise and updated information for
characterization of drainage basin parameters (Singh et al.,
2014).
Dam height for each sub-catchment took the minimum
height of riverbank. Natural damming can lead to the accumu-
lation flow at any time the dam was destroyed and cause the
flash floods. Flash flood hazard level based on the volume of
water dammed in the sub-catchments Krueng Teungku was a
high level of flash flood hazard (69.18 of the total sub-
catchment (Fig 5)).Flash flood at the Krueng Teungku watershed was affected
by several factors, namely peak discharge, slope, watershed
shape, river gradient, damming, river density, erosion, slope
stability and the storage volume. According to TDMRC
(2013), flash flood hazard parameters distinguished on the
river slope parameter by weight of 33.33%, the accumulation
of river water by weight of 33.33%, and landslide 33.33%.
Table 8 gives the weight parameters and weight indicators of
flash floods that can be used in this study.
Krueng Teungku watershed has a high potential of flash
flood treat with the percentage of 11.08% of the wide water-
shed, high-moderate level of 87.22% of broad watersheds
and moderate level of 1.70%. The biggest flash flood hazard
level was at sub-catchment 4 which has a level erosion hazard
on sub-watershed 4 included in the high category (Fig 6).
5. Conclusions and recommendations
Flash flooding at Krueng Teungku watershead was affected by
several factors, namely peak discharge, slope, watershed shape,
river gradient, damming, river density, erosion, slope stability
and the storage volume. Those factors almost have the same
points. Krueng Teungku watershed has high level of flash
flooding hazard with the percentage of 11.08%, high-
moderate level of 87.22% and moderate level about 1.70%.
Distribution of high-level flash flood hazard was at the villages
of Paya Kameng, Beurandeh, Meunasah Kulam which lied on
sub-watershed 4. Efforts to address the flash flood hazard in
the form of conservation either mechanically or chemically
and can be done at the vegetative sub-catchment with high ero-
sion hazard level (sub-catchments 2 and 4). The sub-catchment
with the high level of gradient of river (sub-catchments of 4, 5,
6 and7) needs site planning and groundsill detail to flatten the
bottom slope so as to reduce the flash flood hazard.Conflict of interest
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